I. INTRODUCTION
In recent years, hair as a possible sample for analysis of a living body has attracted attention.
Some research studies of hair, seem to have focused on a few trace elements with regard to a specific group of people1) or on hair as an index of environmental pollution.2a) Experiments have generally employed radioactivation analysis, atomic absorption spectrometry; or high-frequency inductively coupled argon plasma emission spectrometry (the ICAP method), which is noted for its simplicity and reproducibility as a screening method, but the latter are rare.
There are many reports in which hair was used to provide an index of a specific environmental exposure, such as those which investigate the trace element difference between residents of industrial areas and nonindustrial areas3) and surveys comparing trace metals for children living near smelters matched to a given control group.4) There are also reports of exposure to Hg, Ni, Cd or fuel additives. [5] [6] [7] [8] There have in addition, been clinical reports of high levels of Al and Mg and low levels of Zn in the hair of those with chronic renal failure receiving dialysis,9,10) of low levels of Cu, I, V and Mn and high levels of Se in hair in those with amyotrophic lateral sclerosis, 11) and others that reveal difference between ALS and cntrol groups. 12) Of the various possible elements Zn has been most widely studied.
Abnormalities in taste acuity and low levels of Zn in hair,13) excess or lack of Zn and abnormal behavior,14) lack of Zn in hair and anorexia15) or poor growth, 15, 16) high levels of Zn in the hair of malnourished children,17) low levels of Zn in acrodermatitis enteropathica, 18, 19) and low levels of Zn those with Hodgkin's disease20) have been reported. In addition, the following results have been reported concerning other metals and environment: a decrease in maternal hair Cr concentration with an increase in the number of deliveries, age at delivery, and months of gestation; 21, 22) Aliquots of hair to be used to analyzed elements other than Hg were mixed with 2.0ml of concentrated HNO3 (70% by weight, Mallinckrodt, A.C.S.) and predigested for 10 minutes with occasional shaking. The flask was heated on a hot plate and shaken until the hair had completely dissolved. After cooling, the dissolved hair solution was diluted to 10ml and transferred to a test tube for the analysis.
After the addition of 2 or 3g of KMnO4 (Mallinckrodt, AR grade), a 2:1 mixture of concentrated HNO3 (Mallinckrodt, A.C.S.)/H2SO4 (Mallinckrodt, A.C.S.) was added to each hair aliquot. The flask Males (n=1008, m=37.9, S.D.=15. 6) No. of subjects Females (n=891, m=41.0, S.D.=16. 4) No. of subjects Table 1 Working conditions of ICAP.
was shaken, cooled in an ice-water bath to room temperature, and digested for 3 to 4 hours. After digestion, samples were diluted with deionized water to 95ml and analyzed. ICAP samples were filtered through test tubes with serum filters (Scientific Products, Cat. # 95190-4) to remove insoluble particles and absorbed in the apparatus for 30 seconds at a flow rate of approximately 1.5ml/min to give readings. Operating conditions are shown in Table 1 .
Hg was analyzed with a Model 2006-1 mercometer (Anti-Pollution Technology Corp.). The digested samples were neutrized with 2.0ml hydroxylamine hydrochloride, 20% by weight (Mallinckrodt, AR grade), and then, transferred to the reaction vessel, immediately after 1.0ml of a stannous chloride solution [30% SnCl2 (Mallinckrodt, AR grade) in 7M HCL (Mallinckrodt, A.C.S.)] had been added.
Reliable detection limits using ICAP can be follow, although in practice, values lower than these limits can be calculated with less accuracy-Ca 1.0, Mg 0.06, P 4.0, Na 0.60, 
Analytical method
The results were analyzed statistically by FACOM M-180 II AD (Computer Center, Keio University) and by Apple II plus.
The following analytical procedures were used. 1) Medians, arithmetic and geometric means, standard deviations, range, kurtosis and amount of skew were calculated for each element for each sex. In addition, data were arranged according to size, and histogram were constructed.
2) Goodness-of-fit tests were conducted for original data classified according to sex and logarithmic transformations performed, if samples had an Hg level of 0 as was true for 20 men and 9 women, they were excluded from the calculation. Chi-square tests, Kormogorov-Smirnov tests, tests using sample kurtosis and skew and Geary tests were used.
3) The 95 percentile value was obtained for each element by means of the Herrela method.27) 4) Variations according to age group, as shown in Figure 1 , was obtained for both men and women. 5) Differences between men and women for each element was determined by mean test and three nonparametric tests-Mann-Whitney U-test, Kolmogorov-Smirnov test, and Krusal-Wallis one-way analysis of variance by ranks (H-test). The significance of each was determined.
6) Partial and full correlation coefficients were calculated, and the significance of the latter was tested.
7) Factor analysis based sex was performed. Factor-loading matrices were obtained from the square of the multiple correlation coefficient used to estimate communality. The communality of elements were determined by plotting the first, second and third factors on three planes. For the data from women factor, orthogonal rotations were performed nine times by the standard varimax method to make the cumulative percentage equal to 100%.
III. RESULTS
The left portiopn of Table 2 lists all of the measurements described in Analytical Methods-1) above. The right side lists reference values, and the means and statistical ranges found for Americans by MineraLab in order to provide a comparison between trace element levels found in Japanese and those found in Americans.
The reference values were determined by synthesyzing data from medical questionnaires, clinical assessment and published studies, and now are regarded as standard values for healthy adult Americans.
On the other hand, the means and statistical ranges were determined by statistical analysis of the data of MineraLab from the general population. Ranges are two standard deviations from the mean in both directions, by setting appropriate distributions.
All four goodness-of-fit tests of the original data and logarithmic transformations when classified according to sex revealed significant differences at the 0.1% significant level for any data set. In other words, there was no element with a normal or log-normal distribution for either men or women. However, using comparisons of the median and arithmetric or geometric means and the outline of histogram, P and Zn could be considered approximately normal distributions, and Ca, Mg, Na, K and Mn to approach log-normal distributions. Herrera's percentile method was the nonparametric method used to calculate normal values from the samples. Normal limits thus obtained are shown in the middle of Table 2 . In regard to age, although quantification is difficult because of the degree of variation in the sample numbers per age groups and the large standard deviations, the following groupings were possible, as long as changes due to age were considered in arithmetic and geometric means, with standard deviations also taken into consideration.
(1) Elements tending in men to increase with age at least to age 50+-Hg (2) Elements tending in both sexes to increase with age, but at lowest levels in ages 20-29-Na, K, Fe (3) Elements with a peaking between age 20-59-Ca, Mg (4) Elements with only slight differences according to age-P, Mo, Cu, Zn, Se, Li, Co, Ni, Cd, Pb, As (5) Elements with no clear relationship to age, but at their lowest levels in ages 20-29-Mn, Cr, V, Al Differences between men and women were measured by T-test and, with the results from three nonparametric tests, are shown in Table 3 . The eight elements-Ca, Mg, P, Na, K, Cu, Zn and Hg-were significant for all tests at the 5% level. P, Na, K and Hg were higher in men, and Ca, Mg, Cu, Zn were higher in women. Table 4 lists pairs of elements with absolute values more than 0.5 correlation and partial correlation coefficients.
There was no tendency common to men and women, and only two pairs, Na-K and Ca-Mg, had a correlation coefficient of more than 0.5 in both sexes.
Similarly, the pair Na-K alone had a partial coefficient of more than 0.5. Scattergrams of Mg-Ca and Na-K are shown in Figs. 4-A and 4-B, respectively, together with correlations, regression lines and R squares. Table 5 shows the factor-loading matrix, eigenvalue, percentage and cumulative percentage for both sexes.
The cumulative percentage was 100% at the fifth factor for men and at the fourth factor for women, but had reached 90% for both sexes in the first three factors.
These factors plotted in three planes ( Figure 5 ). In men, the communality was examined simply from the plots because most elements fell on the factor axis. In women, plots were obtained by conducting orthogonal rotation nine times by the standard varimax method until the cumulative percentage exceeded 100.0% because there were larger It was found that normal distribution-like patterns of P and Zn and log-normal distribution-like patterns of Ca, Mg, Na, K and Mn could not be the premises on which statistical analyses were to be based. Here, Herrera's nonparametric percentile method to calculate normal values. This method is also appropriate since: 1-sample size was sufficient large;12) 2-precision in measuring the samples was comparatively high; 3-Se, Ni, Co, V, Pb and Cd, which would cause detection limit problems when ICAP was used; 4-certain individual data have probably caused some spread in the standard deviation ( Table 2) .
The percentile method has the advantage that sample and population percentiles correspondences are possible by deciding sample size and probability level.27) On the other hand, there is the disadvantage that scale linearity is infinite, or that, it is impossible to say if the 99,9999 percentile is 1,000 times rarer than the 99.9 percentile or not.31) The meaning of the normal value becomes questionable. The meaning of "normal" in the percentile method is "common to members of the population".31) Table 5 Factor loading matrices.
Factor loading matrices (males)
Arithmetic and geometric standard deviations for hair trace elements are very high in the results shown in Table 2 and in previous works.2,26) This proves that their distribution patterns cannot be normal or log-normal, and can be also associated with high percentiles, e.g. 95, at which the reference values were calculated in order to give greater meaning to outliers, which are, cases deviating from the range obtained.
Even if data from an individual or a group are within the normal range of these reference values, clinical medical normtlcy is not verified; but, if there is some deviation from such a wide range, it should be interpreted carefully, and the cause clarified. Therefore, hair analysis may be of value more as a screening method in preventive medicine than in clinical medicine. This screening mtethod, in terms of the above matters has a high sensitivity (the rate of determining abnormality due to illness as abnormal).
However, it has not so high specificity (the rate of determining a healthy person as being free from abnormality).
There is no need to say that hair analysis is very reliable and simplle, because many studies have already mentioned.
These are also conditions required of screeing tests.
The results of hair analyses of 31 men who were considered healthy by clinical and occupational criteria were previously examined and the ranges of normal values obtained by critical test and comparisons of maximum logarithmic likelihood, were reported as reference values.32) There was no significant Table 5 Factor loading matrices.
Factor loading matrices (females)
difference between these normal values and the percentile values obtained in the present study.
Comparison of present values with those of MineraLab indicate that levels of Ca, Mg, Na, K and Hg are higher and Mn and Li are lower in Japanese than in Americans.
Although American reference values were somewhat inconsistent when reference values obtained synthetically from healthy individuals are compared to which had been determined by MineraLab by statistically analyzing data from the general population.
In the case of Hg, the level is associated with eating habits, especially the ingestion of fish and rice, 33, 34) and the present study have also fortified this association.
One epidemiological report has given much weight to the correlation of high levels of Na with salt intake.35) There is also a linear relationship between Zn hair concentration and age in children under 20,36) a generally decreasing Fe and increasing Zn as school year increases throughout elementary and junior high school (Japan),37) and almost constant levels of Se for all ages and sexes.26) The present study confirms the results of the last survey.
No single element had high partial correlation coefficient to age in either sex. There was the highest partial correlation between Na and age in both sexes, but these were only 0.121(men) and 0.153(women). This fact and the tendency in Fig. 3 seem to indicate that there is no need for setting the reference value according to age.
With regard to sex differences, although most studies have used the mean test, assuming a normal or log-normal distribution,28,36) here nonparametric techniques were used in the same way as when calculating normal values.
However, because each mean value can agree with the normal distribution when sample size is large, even if population normality is uncertain, it was deemed important to use the mean test to test differences between mean values and the two-tail probability. Whether sex differences where they occur simply reflect biological differences or differences in lifestyle represented by smoking38) for example, is a question requiring further research.
To improve sensitivity, it is proper to decide reference values for the eight elements concerned according to sex. The 95th percentile values in a mixed group comprising 1,899 men and women was determined for each of the remaining 13 elements and regarded as the reference value. Table 6 shows the results arranged in order of present clinical significance.39) Sex differences are apparent in Table 4 which presents full and partial correlations.
In men, Co-V, Co-Cd, Co-Al, Co-As, V-Cd, V-Al, V-As, Cd-Al, Cd-As, and Al-As had high correlations of approximately 0.99, while in women only three, Co-V (r=0.242), V-Cd (0.409), and V-Al (0.228), were significant at the level of 0.1%. The high value in men may be because elements with low probability of detection show the lowest levels for each measurement.
However, the fact that this is absent in women suggests the probability of some fundamental difference between men and women. Correlations represents the degree of linearity between two variants and not the extent of general closeness.
The F test is used to test significance, therefore, significant differences are likely to occur simply because sample size (n) is large.
However, Ca-Mg and Na-K, with comparatively high correlations in both sexes, were clearly linear and high values of R2 for the regression lines calculated from the data.
For such element pairs, calculating ratios to determine the amounts of each is also significant. As a result of factor analysis, sex differences are noted for the first three factors plotted in Fig. 5 .
While many elements are located on or near the factor axis in men, even rotation of the axis of the coordinates dose not produce any order in women.
The factor axis characteristic is difficult to interpret in both sexes.
Two dimensional plottings indicated that common elements with adjacent locations comprise only two pairs, Ca-Mg and Na-K. Other adjacent combinations were Fe-Mn, P-Li in men and Cr-V, Mo-Se-As in women. The Ca-Mg and Na-K combinations also seem to be worth examining during hair analysis.
(confer Table 4 ) It may be difficult to decide whether the differences with regard to other pairs depend on fundamental biological differences between the sexes or are influenced by statistical treatment, measurement precision, or something unknown. When the results are compared against their arrangement in the periodic table of the long type, two patterns, are noted i.e., same family (Na and K in I a, Mg and Ca in IIa) and adjacent locations in a period (V, Cr, Mn and Fe in Va, VIa, VIIa and VIII in the fourth period, respectively). However, although the problem of detection limits may exist, Li, which is also in Ia, dose not have a high correlation to Na or K. Moreover, there are other pairs, e.g. Li and P, found by factor analysis, which cannot be explained by these patterns.
Pattern classification may be possible in the future by improving detection limits and measuring other elements. According to Cotzias40) and Wada et al.,41) the following conditions are necessary to decide whether or not a trace element is essential to organisms.
(1) The element is present in all the healthy tissues in all animals, and the concentration level is nearly constant among different species.
(2) Defiency symptom are present if there is a lack of the element, and symptoms are improved by adding it; or, a lack of the element causes associated biochemical and anatomical abnormalities, and addition of the element results in recovery.
(3) The distribution of the element in the living body is normal and the concentration is almost constant in spite of increases or decreases in intake and excreation, or that, mechanisms are present to stabilize its level.
Eight elements-Zn, Cu, Cr, I, Co, Se, Mn and Mo, have proven essential for humans. 41) However, the present study gave no normal distributions for any of the handled here, although Zn is near normal. And I was not examined.
Therefore, although the theory that elements essential to human tissues show normal distributions, while nonessential and toxic ones are log-normal, I as been held for a long time, 40, 41) and attempts to determine necessity based on distribution type have been made,42) results here raised doubt about this.
At present the significance of each element itself has not been clarified, nor are data concerning humans on the mutual actions between elements, represented by Hg and Se, and Cd and Zn, sufficient. Therefore, the clinical significance of element concentration in hair has been established in only a few cases thus far.
However, in view of its usefulness as a chronic index and its excellent preservability, hair has great potentiality in clinical diagnosis, to be used for noninvasive screening, with the use of reference values for comparison, and to diagnose and control various metabolic diseases.
SUMMARY
Twenty-one elements in hair were analyzed from 1,008 Japanese men and 891 women who were living in the Tokyo area and considered healthy. Cold vapor atomic absorption spectrometry was used for Hg, and the ICAP method for Ca, Mg, P, Na, K, Fe, Cu, Mo, Mn, Zn, Cr, Se, Li, Ni, Co, V, Pb, Cd, Al and As.
The results are as follows.
(1)
Goodness-of-fit tests conducted for each element indicated no true normal or log-normal distributions at the 0.1% significant level for any element.
However, P and Zn were similar to normal distributions, and Ca, Mg, Na, K and Mn to log-normal distributions.
(2) The relationship between each element and age was examined.
No element required reference values on the basis of age. However, eight elements, P, Na, K and Hg (higher in men), and Ca, Mg, Cu, and Zn (higher in women) showed sex differences for both parametric and nonparametric tests.
(3) By investigating correlations and partial correlations and performing factor analyses, patterns in certain elements and differences between these patterns were found among men and women. The tions in both men and women. In such pairs, the ratio between the two seems to be important in determining the amount of each.
(4) On the basis of the above, trace element reference values, appropriate as screening levels, could be based by the Herrera's percentile method. These values may also be useful as basic levels in specifying the presence of disease and to provide data for interracial or intercultural comparisons.
